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(54) PERMANENT MAGNET DYNAMO-ELECTRIC MACHINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the peak value of the induced 
voltage during a failure by setting the peak value of the generated induced 
voltage between terminals of a permanent magnet dynamo-electric machine 
to be the induced voltage value smaller than the peak value of the 
fundamental wave voltage. 

SOLUTION: A permanent magnet dynamo-electric machine device is 
provided with a DC power source 30, an inverter 31 to be connected 
thereto, and a permanent magnet dynamo-electric machine to be directly 
connected to the output end of the inverter 31 , and of the system to 
control the magnetic field system by weakening the magnetic field of the 
permanent magnet dynamo-electric machine by a phase shift circuit 37. The 
shape of the induced voltage satisfies the inequality of Vp<Vp1 where Vp is 
the peak voltage of the induced voltage generated between the terminals of 
the permanent magnet dynamo-electric machine, and Vpl is the peak value 
of its fundamental wave voltage. The peak value of the induced voltage 
during the failure is reduced to obtain the permanent magnet dynamo- 
electric machine which is compact in size, light in weight and high in torque, 
and a magnet dynamo-electric machine device provided with an inverter 
which can be handled with a switching element small in current capacity. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] DC power supply. Permanent magnet rotation electrical machinery by which rotational speed is controlled by the 
inverter connected to it. The means which carries out field-weaking control of this permanent magnet rotation electrical 
machinery. It is permanent magnet rotation electrical machinery equipment equipped with the above, and when peak value of the 
generating induced voltage between the terminals of the aforementioned permanent magnet rotation electrical machinery is set 
to pinch off voltage and peak value of the fundamental-wave voltage is set to pinch off voltagel, it is characterized by making it 
become the induced-voltage value of pinch off voltage<pinch off voltagel. 

[Claim 2] The permanent magnet rotation electrical-machinery equipment characterized by making it become the induced- 
value of Vm<pinch off voltage when the voltage value of the center of the generating induced voltage between the terminals of 
permanent magnet rotation electrical machinery sets to Vm and peak value of the generating induced voltage sets to pinch off 
voltage in the permanent magnet rotation electrical-machinery equipment which comes to have DC power supply, the permanent 
magnet rotation electrical machinery by which rotational speed is controlled by the inverter connected to it, and the means which 
carries out field-weaking control of this permanent magnet rotation electrical machinery. 

[Claim 3] Permanent magnet rotation electrical machinery equipment characterized by making coil width of face of permanent 
magnet rotation electrical machinery almost equal to the width of face of the magnetic pole of a permanent magnet rotator in 
claim 2 publication. 

[Claim 4] Permanent magnet rotation electrical machinery equipment characterized by making the opening length based on [ of a 
permanent magnet rotator ] magnetic poles larger than the opening length of the pole tip in a claim 1 or two publications. 
[Claim 5] Permanent magnet rotation electrical machinery equipment characterized by making it two or more stator salient poles 
which wound the stator winding belonging to the same phase in a claim 1 or two publications become a position in phase 
altogether electrically. 

[Claim 6] Permanent magnet rotation electrical machinery equipment characterized by N2/N1 being two or more when it has the 
constant torque range of a low rotational frequency, and a constant output operating range at the time of high speed and the 
maximum engine speed of N1 and the constant output range is set to N2 for the maximum engine speed of the constant torque 
range in a claim 1 and two publications. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to permanent magnet rotation electrical machinery 
equipment, and permanent magnet rotation electrical machinery equipment equipped with the inverter which ends with small 
lightweight ones, the permanent magnet rotation electrical machinery of high torque, and a switching element with small current 
capacity is offered. 
[0002] 

[Description of the Prior Art] That it is lightweight the amount of the battery loaded as an electric vehicle being limited, and 
securing 1 charge mileage enough by it small to eye a required hatchet as for the driving motor used in electric vehicles, 
especially an electric vehicle and an efficient thing are desired. On the other hand, to be high torque and to be the permanent 
magnet rotation electrical machinery which weakened and was suitable for the field are demanded for reservation of the 
acceleration performance as vehicles, and the maximum high speed etc. 

[0003] It is indicated by JP,2-324232,A that permanent magnet rotation electrical machinery is effective as a motor suitable for 
the above conditions, and the permanent magnet rotation electrical machinery of the method which generates effectively the 
torque especially by the permanent magnet and the reluctance torque using the saliency is effective. 
[0004] 

[Problem(s) to be Solved by the Invention] According to the above-mentioned conventional technology, the composition which 
juxtaposed the auxiliary magnetic pole which arranges a permanent magnet in the rotor core which has permeability higher than a 
permanent magnet, and is constituted from a permanent magnet and a rotor core by the hoop direction is shown. On the other 
hand, a stator is composition which makes smooth rotating magnetic field by the stator of a distributed winding synchronizing 
with rotation of a permanent magnet rotator. 

[0005] Thus, a permanent magnet is arranged in the rotor core which consists of magnetic material which has permeability higher 
than a permanent magnet, i.e., it weakens by considering as internal magnet rotator composition, a field becomes possible, and 
operation to a high-speed field is attained efficient. 

[0006] However, in the rotation electrical machinery which weakens and carries out the field of the permanent magnet, if an 
inverter breaks down at the time of high-speed operation, field-weaking control will become impossible, the high voltage will 
occur between the lines of permanent magnet rotation electrical machinery, and big power will be returned to a battery. A slam 
on the brake arises in the 1st, and this invites the instability of a run vehicles posture to it. There is a problem in the 2nd in that 
a battery, a smoothing capacitor, an inverter, etc. may be made to damage. 

[0007] Moreover, with the above-mentioned conventional technology, since there are few rates of the magnetic flux of the 
permanent magnet generally contributed to torque generating, although the induced voltage to generate is pressed down 
comparatively small, the generating induced voltage in the maximum high speed will still become very big. 

[0008] Furthermore, in the case of the permanent-magnetic motor of a distributed-winding stator etc.. it may become much more 
serious by jumping of the induced voltage by the slot ripple. 

[0009] Although there are a method of inserting a contactor in the 1st between an inverter and rotation electrical machinery, and 
separating permanent magnet rotation electrical machinery from an inverter at the time of failure and a method of setting an 
induced voltage as the 2nd low in order to avoid the above in fact, by the 1st method, the space of a contactor, a weight, etc. are 
necks and the dominance point over other motors, for example, induction motor, is spoiled. Moreover, the ratio expected to a 
reluctance torque component at the 2nd point is large, and there is a fault which makes the result to which current required to 
generate [ enlarging the physique of a motor and ] torque increases, and the current capacity of an inverter is made to increase 
in vain produce. 

[0010] this invention reduces the peak value of the induced voltage at the time of failure, and aims at offering permanent magnet 
rotation electrical machinery equipment equipped with the inverter which ends by this with small lightweight ones, the permanent 
magnet rotation electrical machinery of high torque, and a switching element with small current capacity. 
[0011] 

[Means for Solving the Problem] In the permanent magnet rotation electrical machinery equipment which comes to have DC 

power supply, the permanent magnet rotation electrical machinery by which rotational speed is controlled by the inverter 

connected to it, and the means which carries out field-weaking control of this permanent magnet rotation electrical machinery, 

this invention is attained by making it make with the induced-voltage value of pinch off voltage<pinch off voltagel, when peak 

value of the generating induced voltage between the terminals of the aforementioned permanent magnet rotation electrical 

machinery is set to pinch off voltage and peak value of the fundamental-wave voltage is set to pinch off voltagel. 

[0012] When [ of this invention ] the voltage value of the center of the generating induced voltage between the terminals of 

permanent magnet rotation electrical machinery is set to Vm and peak value of the generating induced voltage is preferably set 

to pinch off voltage, it is attained by having made it make with the induced-voltage value of Vm<pinch off voltage. 

[0013] It is preferably attained by [ of this invention ] having made coil width of face of permanent magnet rotation electrical 

machinery almost equal to the width of face of the magnetic pole of a permanent magnet rotator. 

[0014] It is preferably attained by [ of this invention ] making the opening length based on [ of a permanent magnet rotator ] 
magnetic poles consist of opening length of the pole tip size. 

[0015] It is attained when two or more stator salient poles which wound the stator winding which belongs to the same phase of 
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this invention preferably arrange all in a position in phase electrically. 

[0016] It is attained [ of this invention ] when it has the constant torque range of a low rotational frequency, and a constant 
output operating range at the time of high speed, and the maximum engine speed of N1 and the constant output range is 
preferably set to N2 for the maximum engine speed of the constant torque range, and N2/N1 is two or more. 
[0017] 

[Embodiments of the Invention] Hereafter, the example of this invention is explained. 

[0018] The structure of the permanent magnet rotation electrical machinery of this invention is shown in drawing 2 , and the 
cross-section structure of the permanent magnet rotation electrical machinery of this invention is shown for one example of the 
permanent magnet rotation electrical machinery equipment in connection with this invention in drawing 1 in drawing 3 . 
[0019] Permanent magnet rotation electrical machinery consisted of a stator 1 and a rotator 2 in drawing 2 and drawing 3 , and 
this stator 1 consisted of an iron core by which the laminating was carried out, and has looped the slot section 1 1 around the 
stator winding 3 through an insulating material. Here, stator structure is distributed-winding stator structure currently generally 
used widely, for example, a stator core consists of the yoke section 13 which forms a magnetic circuit by the tooth part 12, and a 
stator winding 3 is contained by the slot section 1 1 from the slit section 14 of the portion near the opening side of a stator core. 
[0020] the permanent magnet insertion prepared in the layer-built iron core whose rotator 2 is a high permeability magnetic 
material, and which it becomes from a silicon steel, and its layer-built iron core — it consists of the permanent magnet 22 and 
shaft 4 which were inserted in the hole 21 the permanent magnet insertion which the layer-built iron core which consists of this 
high permeability magnetic material was equipped with the auxiliary magnetic pole section 23 prepared between the adjacent 
permanent magnets 22. the pole piece section 24 prepared in the periphery of a permanent magnet 22, and the yoke section 13. 
and was described above in this yoke section — a hole 21 and the hole which lets a shaft 4 pass are pierced It shall rotate 
counterclockwise and the hand of cut of this permanent magnet rotator 2 shall be operated as a motor. Here, since the 
permanent magnet 22 to be used is made into the rectangular parallelepiped, as compared with an arc-shaped magnet, a 
dimensional accuracy tends to secure it, and high-speed rotation can be presented with it without the balance work of a rotator. 
Moreover, the neodium magnet which is an aperiodic compass shall be used for a permanent magnet 22. 

[0021] Cross-section structural drawing of the permanent magnet rotation electrical machinery of this invention is shown in 
drawing 3 . The stator 1 of rotation electrical machinery is being fixed to the inner skin of the housing 10,101 of a couple. Here, 
as for the slot section 1 1 of a stator core, the example of 1 has shown the number of slots per ******** to the pole 8 of a 
permanent magnet rotator by 24 pieces. It is the same even if this increases with 2 and 3. 

[0022] The shaft 4 is held free [ rotation ] through Bearings 10a and 10b at housing 10,101. PS is a magnetic pole position 
transducer which detects the position of the permanent magnet 22 of a rotator 2 here, and E is an encoder which detects the 
position of a rotator 2. Rotation electrical machinery is composition in which an operation control is carried out by the signal of 
this magnetic pole position transducer PS, and the output signal of Encoder E through a control unit. E is a position sensor for 
speed control. 

[0023] The control circuit of the permanent magnet rotation electrical machinery equipment of this invention is shown in drawing 

[0024] In drawing, power is supplied to the stator winding 3 of a polyphase through an inverter 31 from DC power supply 30. 
[0025] In a speed control circuit (ASR) 32, speed instruction omegas and speed omega f to actual speed-difference omegae 
which are obtained from the positional information theta from Encoder E through F/V converter 33 is computed, and the angle of 
rotation theta 1 of the torque instructions Is, i.e.. current instructions, and a rotator 2 is outputted to this by PI control (P : a 
proportional, I: integration term) etc. 

[0026] On the other hand, by the sine wave and the cosine wave generator 34, the induced voltage of each coil (here three phase 
circuit) of a stator winding 3, a sinusoidal output in phase, or the sinusoidal output that carried out the phase shift if needed is 
generated from the pulse theta from the position transducer PS and Encoder E which detect the position of the permanent 
magnet magnetic pole of a rotator 2, i.e., the positional information of a rotator. 

[0027] In the 2 phase-three-phase-circuit conversion circuit 35, the current instructions Isa, Isb, and Isc are outputted to each 
phase according to the output of the current instructions Is, a sine wave, and the cosine wave generator 34. Each phase has the 
current control system (ACR) 36 individually, respectively, sends the signal according to the current detecting signals Ifa, Ifb, and 
Ifc from the current instructions Isa, Isb. and Isc and the current detector CT to an inverter 31, and controls each phase current. 
In this case, the current of each phase composition always forms in field magnetic flux a right angle or the position (the control 
which magnetomotive force of composition of each phase current is advanced 90 degrees or more from permanent magnet is 
called field-weaking control) current which carried out the phase shift, and by this, it is a non-commutator and it can acquire a 
property equivalent to a direct current machine. 

[0028] By controlling the synthetic vector of the armature magnetomotive force which the current passed to a stator winding 3 
with a control unit builds with the above composition to turn to a hand-of-cut side from the center position of the auxiliary 
magnetic pole section 23, rotation electrical machinery can generate the reluctance torque by the auxiliary magnetic pole section 
23 other than the torque by the permanent magnet 22. and can operate it as a motor of high torque. 

[0029] As this invention shows to drawing 1 , in the above composition DC power supply 30, In the permanent magnet rotation 
electrical machinery equipment of the method which is equipped with the inverter 31 connected to it, and the permanent magnet 
rotation electrical machinery by which the direct file was carried out to the outgoing end of an inverter 31, and carries out field- 
weaking control of the permanent magnet rotation electrical machinery by the phase shift circuit 37 When peak voltage of the 
generating induced voltage between the terminals of permanent magnet rotation electrical machinery is set to pinch off voltage 
and peak value of the fundamental-wave voltage is set to pinch off voltagel. it is characterized by making it make with the 
induced-voltage configuration of pinch off voltage<pinch off voltagel. 

[0030] At a low speed (range to a certain rotational frequency), generating of large torque is possible for the torque 
characteristic for which the driving motor used for electric vehicles, such as an electric vehicle, is asked, and it is desired in the 
range to which the capacity of an inverter 31 does not become as large as possible in the high-speed field exceeding it for 
operation of a constant output to be possible. For this reason, at a low speed, generally, operation in the constant output range 
of the constant torque operating range and high speed in within the limits of the allowable current of the switching element of an 
inverter 31 is performed. 

[0031] Generally the torque T of a permanent magnet motor is. T= (E0, Iq+ (Xq-Xd), and Id— Iq) / omega — (1) 

Here, it is an E0:induced voltage, omega: The 1st term is a torque component by the permanent magnet 22 by the reactance (1) 

formula of the current Xq of the angular rate of rotation Id, Iq:d, and q shaft. Xd:d, and q shaft, and the 2nd term is a reluctance 
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torque component by the auxiliary magnetic pole section 23. 

[0032] In order to enlarge torque, it is necessary to use the torque by reluctance, and the torque by the permanent magnet for 
the maximum. Therefore, the law to which the induced voltage of a permanent magnet was made to increase can make small 
current capacity of the switching element of an inverter 31. 

[0033] On the other hand, in the field of a high-speed rotational frequency, for a constant output, required torque becomes small 
and makes neither torque by reluctance, nor torque by the permanent magnet the phase which can take out the greatest torque 
over the same current. Here, it operates by the so-called field-weaking control which weakens the magnetic flux of a permanent 
magnet 22 and lowers the induced voltage by the permanent magnet. It carries out to below the terminal voltage that lowers the 
induced voltage by the permanent magnet by this, therefore is applied to permanent magnet rotation electrical machinery, and 
power comes to be supplied and rotation can be made more possible than DC power supply to high speed. 

[0034] If priority is given to low-speed torque on this condition and an induced voltage is raised, it is necessary to weaken at high 
speed and to enlarge a field. 

[0035] Element pressure-proofing of the induced voltage of a permanent magnet of an inverter 31 by field-weaking control here, 
a control unit is normal, if working And although the range of pressure-proofing, such as a capacitor formed between the input 
terminals of an inverter, is not exceeded It operates normally to high-speed operation, when an inverter breaks down after that, it 
weakens and a field becomes impossible, a big induced voltage is built over the direct inverter 31 and a capacitor, and there are 
also fear of breakage and a possibility of causing a big brake force by returning big power to DC power supply. 
[0036] Therefore, in order to make element capacity of an inverter small, it suits and it is necessary to attain the consistent 
technical problem of making generating of big torque, and the maximum of an induced voltage reduce. On the other hand, 
generally the slit 14 which contains a stator winding 3 in the slot section 1 1 as mentioned above is formed in the stator core of 
permanent magnet rotation electrical machinery. The influence of this slit becomes a wave like drawing 4 (a) depending on 
selection of the angle tau 1 of a permanent magnet with the permanent magnet rotation electrical machinery of a mold which has 
the auxiliary magnetic pole section 23 which uses positively reluctance torque as shown by drawing 2 . That is, induced-voltage 
wave Vm=pinch off voltage of a core will become large. 

[0037] the effective value of the induced voltage which influences torque as a result since the element of an inverter 31 and the 
voltage tolerance dose of a capacitor will be decided by the maximum pinch off voltage of an induced voltage if failure of the 
inverter 31 in a high-speed field is considered by such wave — small — not carrying out — in order not to obtain, therefore to 
acquire the same torque, there is a fault to which the current capacity of an inverter element must be made to increase 
[0038] In this invention, as a result of verifying in a parameter the angle of the permanent magnet tau 1 shown by drawing 2 . it 
found out changing with angles to an induced-voltage wave, as shown in drawing 4 (a), (b), and (c). 

[0039] Drawing 4 is eight poles and a 48-slot example of illustration, a solid line shows the induced voltage between lines, and a 
wavy line shows a part for the fundamental wave. 

[0040] Drawing 4 (a) is the angle of a permanent magnet tau 1, and the ratio of **** taup 0.63 By the case where it carries out, 
in [ part / fundamental-wave / pinch off voltage 1 / of an induced voltage ] this case, the maximum pinch off voltage of the 
induced voltage of rotation electrical machinery is equal to the value Vm of the core of an induced voltage, and the value 
becomes large. 

[0041] Drawing 4 (b) is the angle of a permanent magnet tau 1. and the ratio of **** taup 0.58 By the case where it carries out. 
in [ part / fundamental-wave / pinch off voltage 1 / of an induced voltage ] this case, the maximum pinch off voltage of the 
induced voltage of rotation electrical machinery is higher than the value Vm of the core of an induced voltage, and becomes 
small. 

[0042] Drawing 4 (c) is the angle of a permanent magnet tau 1, and the ratio of **** taup 0.53 By the case where it carries out, 
in [ part / fundamental-wave / pinch off voltage 1 / of an induced voltage ] this case, the maximum pinch off voltage of the 
induced voltage of rotation electrical machinery is larger than the value Vm of the core of an induced voltage, and becomes small. 

[0043] pinch off voltage/pinch off voltagel and Vm/pinch off voltage to the angle of a permanent magnet tau 1 and the ratio of 
**** taup are shown in drawing 4 (d). 

[0044] Here, the fundamental-wave part pinch off voltage 1 of an induced voltage has the desirable larger one directly with 
regards to torque. On the other hand, as for the maximum pinch off voltage of an induced voltage, it is desirable that it is small as 
much as possible to making it operate till high speed. Therefore, making small the ratio of pinch off voltage/pinch off voltagel is 
called for. At drawing 4 (d), the angle of a permanent magnet tau 1 and the ratio of **** taup are 0.6. The following 1 , i.e., pinch 
off voltage/pinch off voltage, is 1.0. The following (pinch off voltage<pinch off voltagel) is good. On the other hand, although the 
value Vm of the core of an induced voltage does not have a meaning directly, the range set to Vm/pinch off voltage<1 as drawing 
4 (d) shows, and the above-mentioned range correspond well. That is, pinch off voltage<pinch off voltagel can be honored 
publicly by Vm<pinch off voltage. 

[0045] As mentioned above, current capacity of an inverter element can be made small by carrying out, as shown in drawing 4 (b) 
and (c). 

[0046] an effect has the above effect, so that the value which is N2/N1 is large, when it has the constant torque range of a low 
rotational frequency, and a constant output operating range at the time of high speed and the maximum engine speed of N1 and 
the constant output range is set to N2 for the maximum engine speed of the constant torque range That is, it is because the 
need of weakening the magnetic flux of a permanent magnet in a high-speed region becomes large. Here, this value can 
demonstrate the above-mentioned effect or more by two. 

[0047] Other examples of the rotation electrical machinery of the permanent magnet rotation electrical machinery equipment of 
this invention are shown in drawing 5 . 

[0048] The same sign as drawing 2 shows the same component part. Here, the composition by which the stator winding (for 
example, U1, U2, U3, U4) which belongs in phase has been arranged electrically altogether in the position in phase shows. Since 
the higher harmonic of an induced voltage occurs in all stator windings by considering as the same phase, it does not decrease, 
but it becomes easy to generate the induced voltage of a trapezoidal shape. 

[0049] Here, it considered as the composition which enlarges the opening section of the pole piece section 24 of the periphery 
section of the center of a permanent magnet rotator. As the above configuration shows to drawing 5 (b), the induced voltage of 
permanent magnet rotation electrical machinery can become stair-like, can be made into pinch off voltage<pinch off voltagel. and 
can acquire the same effect as explanation by drawing 4 . 

[0050] Other examples of the rotation electrical machinery of the permanent magnet rotation electrical machinery equipment of 
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this invention are shown in drawing 6 . The same sign as drawing 2 shows the same component part. Here, it is characterized by 
making the stator of permanent magnet rotation electrical machinery into a concentrated winding. It is the composition that the 
stator winding which belongs wind a stator winding intensively and in phase also here has been arranged altogether electrically in 
the position of the same phase. 

[0051] Even if a rotator is composition which has arranged the permanent magnet over a perimeter mostly by considering as the 
above composition, as shown in drawing 5 (b), the induced voltage of permanent magnet rotation electrical machinery can be 
made stair-like. By this, it can consider as pinch off voltage<pinch off voltagel. and the same effect as explanation by drawing 4 
can be acquired. 

[0052] In addition, if the above permanent magnet rotation electrical machinery is applied to electric vehicles, especially an 
electric vehicle, a small efficient lightweight permanent magnet rotation electrical machinery driving gear can be carried, and an 
electric vehicle with long 1 charge mileage can be offered. Moreover, the high electric vehicles of safety can be offered. 
Moreover, the above can apply also about the permanent magnet rotation electrical machinery equipment which has a torque 
control function, although the permanent magnet rotation electrical machinery equipment which has a speed-control function 
(ASR) as a control unit was described. Moreover, regardless of the rotation electrical machinery which has the opening of shaft 
orientations as rotation electrical machinery and a generator, a motor and an introvert type, an abducted type, and a linear type, 
it is applicable. 
[0053] 

[Effect of the Invention] According to the above composition, permanent magnet rotation electrical machinery equipment 
equipped with the inverter which ends with small lightweight one. the permanent magnet rotation electrical machinery of high 
torque, and a switching element with small current capacity can be offered. 



[Translation done ] 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1} The permanent magnet rotation electrical machinery equipment of this invention is shown. 
[Drawing 2] The permanent magnet rotation electrical machinery of this invention is shown. 
[Drawing 3] The cross section of the permanent magnet rotation electrical machinery of this invention is shown. 
[Drawing 4] Explanatory drawing of the induced-voltage wave of this invention of operation is shown. 
[Drawing 5] Other examples of the permanent magnet rotation electrical machinery of this invention are shown. 
[Drawing 6] Other examples of the permanent magnet rotation electrical machinery of this invention are shown. 
[Description of Notations] 

1 — stator and 2 a rotator. 3 — stator winding, 1 1 — slot section, and 12 a stator tooth part (salient pole section), 

13 — stator yoke section, and 21 — permanent magnet insertion — a hole, 22 — permanent magnet, and 23 the auxiliary 

magnetic pole section, 24 — pole piece section, 31 — inverter, and 32 a speed control circuit (ASR), 33 — F/V converter, 

34 — sine wave, a cosine wave generator, and 36 a current control system (ACR 
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DRAWINGS 



[Drawing 1] 

m i 



31 




[Drawing 2] 
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